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Abstract 
The economic reform policy since 1978 in China fosters the economic 
growth but leads to the regional disparity in economic development. Clark (1957) 
found there is a positive relationship between service industry employment and the 
economic growth, studying regional convergence of service employment is helpful 
to understand the need of regional policies towards the service industries in the 
lagging regions. 
The objective of this thesis is to examine the regional convergence of service 
employment in China. We employ the stochastic convergence suggested by Carlino 
and Mills (1993) to test the regional convergence of service employment in China. 
The methodologies applied in this research include two-break univariate Lagrange 
Multiplier (LM) unit root test and one-break panel LM unit root test. We find that 
stochastic convergence of service employment exists across provinces, except for 
Jiangsu and Guangxi, implying regional income disparity is narrowing. The test 
results also suggest the regional governments in Jiangsu and Guangxi may need to 
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The industrial distribution of employment is closely related to economic 
development. This relationship can be dated back to Clark (1957), who argued that 
as real income per capita increases, the relative demand for agricultural products falls, 
while the relative demand for services rises. In the meantime, when the labor 
productivity of the agricultural industry advances, the decreasing relative demand for 
agricultural products leads to a declining proportion of agricultural labor force. 
Further, Clark argued that since the relative demand for services increases more 
quickly than the improvements in the labor productivity of the service industry, the 
proportion of labor force in the service industry increases. Therefore, according to 
Clark (1957), when communities become more economically advanced, the 
proportion of labor force engaged in the agricultural industry decreases but the 
proportion of labor force engaged in the service industry increases. 
Some empirical works provide confirmation of Clark's (1957) hypothesis. 
For instance, Chenery and Syrquin (1975) studied real income per capita and the 
share of employment among three sectors for 101 countries during period 1950-1970, 
and found that when real income per capita increases, the share of employment in the 
agricultural industry decreases while the share of employment in the service industry 
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increases. So the growth of service employment is positively related to the 
economic development. 
The positive relationship between the growth of service employment and the 
economic development has stimulated research on the casual relationship between 
the growth of the service industry and the economic development. In the 
observation of increasing interdependence of the global economy and the 
significance of trade in fostering the economic development, Riddle (1986) 
suggested that we could understand the relationship between the growth of the 
service industry and the economic development through international trade. 
According to the export base theory (for example, Kim, 1987), a nation's 
exports can be a driving force of the national economy. By providing receipts from 
exports to foreign countries, the export sector would bring income to the exporting 
firms and their employees. Then the employees of the services exporting firms will 
increase their spending and hence cause growth in the rest of the economy. So 
Howells and Green (1988) concluded that the basic (or exportable) services provide 
significant multiplier effects on a nation's economy'. Apart from the basic services, 
Illeris (1996) added that non-basic services could also play a significant role in the 
1 As Porterfield and Pulver (1991) pointed out；, the coefficient of retained export monies (net in-state 
flow of earning by total export earnings) is 0.405 for the service industry but 0.256 for the 
manufacturing industry in the Upper Midwest of the US. So the service industry is expected to 
produce larger output and employment multipliers. 
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economic development through providing services to other basic activities^. 
Having observed that the service industry is a driving force of the economic 
development, we may raise another question: does the economic development affect 
the growth of the service industry? By the statistical data of the proportion of 
agriculture, industry and service sectors' products of thirteen countries in different 
periods and the mathematical calculations, Kuznets (1966) drew a generalization. 
He considered the ratio of the share of a sector in total products at a given date to its 
share a decade earlier. This ratio is a function of the growth rate of per capita 
income per decade and the income elasticity of the products of that sector. If the 
income elasticity of a sector's products (such as products of the service sector) is 
larger than one, the ratio is greater than one when the growth rate of per capita 
income per decade is positive. 
Based on the discussion above, we may conclude by saying that the service 
industry can foster the economic development through the export multiplier effect�. 
Moreover, the economic development can stimulate the growth of the service 
industry by the increasing relative demand of services as real income per capita rises. 
Although the economic development is the main determinant of the growth of 
2 Marshall and Bachtler (1987) argued that many service activities are critical to the successful sales 
of manufacturing products. 
3 Kennedy and Thirlwall (1997) mentioned that the export multiplier in the United Kingdom is 2.26 
in 1975. 
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the service industry, the regional inequality in the economic development may lead to 
an unbalanced concentration of the service industry across regions within a nation. 
For example, Marshall et al. (1987) and Porterfield and Pulver (1991) found the 
service industries were more concentrated in metropolitan areas where were 
economically advanced. Since the service industry is more concentrated in the 
more developed regions, the service industry further fosters the economic 
development in these regions. The less developed regions with less concentrated 
service industry have slower economic development. As a result, regional disparity 
increases. Marshall (1992) noted that the above national average share of service 
employment in the prosperous regions was the main reason for the widening of 
regional disparity during the latter 1970s and 1980s in the United Kingdom (UK). 
In order to combat the regional disparity, the regional policies towards the 
service industry in the lagging regions should be implemented. It is because service 
activities are free of the locational constraints (Coffey and Polese, 1989) and they can 
stimulate the economic development. So many countries began to use the regional 
policies towards the service industry to reduce the regional disparity. For instance, 
British and French governments provided rent relief and capital grants for the 
development of services in the lagging regions in the 1970s and 1980s (Marshall and 
Bachtler, 1987). One way to understand the extent of the regional disparity and the 
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need to formulate regional policies is to study the regional convergence of service 
employment. The presence of regional convergence of service employment means 
real income per capita of the lagging regions is increasing. Moreover, the economic 
development will continue by the expanding service industry. However, if there is 
no regional convergence, then the lagging regions may not get rapid economic 
development because the slow growth of the service industry cannot bring the 
significant export multiplier effect to these regions. In this case, the government 
may need to formulate some regional policies，such as providing grants to services 
producers, to assist the growth of the service industry and hence the economic 
development in these lagging regions. 
Employing quarterly data for the period 1978-1991，Button and Pentecost 
(1993) examined the convergence of service employment across the UK regions 
using recently developed time-series econometric techniques such as the unit root 
and cointegration tests. They found that there was a regional convergence of 
service employment growth in the UK. Button and Pentecost's work is pioneering 
in applying the time-varying parameter (TVP) technique to the service employment 
convergence. Based on Button and Pentecost (1993), Sarantis and Swales (1999) 
forecast service employment growth in different British regions. However, no 
similar research is available on the developing countries. This thesis is the first 
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attempt to address the problem of the regional convergence of service employment in 
one of the fastest growing countries - China. 
The average annual growth rate of Gross Domestic Product (GDP) in China 
was 9.4 percent from 1978 to 2003"^ . However, the regional disparity of per capita 
GDP in China is quite serious. For example, per capita GDP in Municipalities (the 
combination of Beijing, Tianjin and Shanghai) and Guizhou were 2,335.03 yuan and 
338.35 yuan, respectively in 1978. But in 2003, per capita GDP in these two 
regions were 18,993.74 yuan and 2,119.06 yuan, respectively. So the gap of per 
capita GDP between Municipalities and Guizhou widened. The regional disparity 
also reflects in the development of the service industry. In 1978, the shares of 
service employment were 26.39 percent in Municipalities and 6.88 percent in 
Guizhou. The disparity between the shares of service employment in 
Municipalities and Guizhou remained significant in 2003, with the corresponding 
shares standing at 51.56 percent and 16.47 percent. This piece of evidence suggests 
that the regional disparity in China will remain large if the shares of service 
employment in the lagging regions, such as Guizhou, do not converge to the shares 
of service employment in the leading regions, such as Municipalities. Policies 
towards the service industry may be needed to reduce the regional disparity of the 
4 The average annual growth rate of GDP of China was calculated based on GDP (expenditure 
approach) in 1990 price. The GDP in current price and GDP index (1978=100) figures were 
obtained from China Statistical Yearbook 2004. 
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lagging regions. In this thesis, we investigate the regional service employment 
convergence of China in order to understand the extent of the regional disparity and 
provide some helpful insight for regional policies formulation. 
The thesis is organized as follows. Chapter Two is a review of the existing 
literature on the regional convergence of service employment. Chapter Three 
discusses the methodologies of tests used to study the convergence. These tests 
include two-break univariate and one-break panel Lagrange Multiplier (LM) unit 





Before discussing the methodologies and empirical results on the study of 
regional convergence of service employment in China, this chapter gives a review of 
the existing literature on convergence and the regional disparity of service 
employment. We begin with a review on the development of the notions of 
convergence. Then we introduce the early studies on regional disparity of service 
employment in the United Kingdom (UK). Finally，research on the regional 
convergence of service employment in the UK will be discussed. 
2.1 Convergence 
The concept of convergence can be traced back to the economic growth 
theory, which explains the reasons for continuous increases in per capita income in a 
nation. According to neoclassical growth models (Solow, 1956; Cass, 1965), the 
lower the starting level of per capita income the higher the expected growth rate of 
per capita income. It is because economies with less per capita income and capital 
tend to have higher rates of return from capital investment and hence higher growth 
rates of per capita income. So the poor countries would grow faster than the rich ones 
and there may be convergence in levels of per capita income across countries. 
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Early empirical tests on the convergence hypothesis were performed by the 
cross-sectional technique. For example, Barro (1991) studied the convergence 
across 98 countries from 1960 to 1985 by examining the correlation between the 
average annual growth rates and the initial levels of per capita income. The 
negative correlation implies that the economies with lower levels of per capita 
income have higher growth rates and these economies tend to catch up with the 
economies with higher levels of per capita income. Barro (1991) found that the 
negative correlation was significant once the measures of initial human capital were 
held constant. This is conditional convergence since the determinants of long-run 
equilibrium per capita income have been controlled for. This cross-sectional 
technique is so-called Barro regressions and the convergence is 曰-convergence. 
The idea of Barro regressions, however, is a fallacy. This fallacy can be 
discovered in the research of Galton (1886), who observed the average height of 
children of tall fathers was closer to the general population mean. A similar finding 
has been shown for short fathers and their children. So Galton (1886) inferred that 
the dispersion of population heights would narrow over time. But the population 
heights continued to display significant dispersion. Quah (1993) employed Galton’ s 
fallacy to discuss the concept of ^ -convergence. Quah (1993) demonstrated that 
the negative correlation between the growth rates and the initial levels of per capita 
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income did not indicate a converging distribution of per capita income across 
countries. It is possible for a group of countries that do not indicate a collapsing 
cross-section variance in output levels but exhibit negative relationship between the 
average annual growth rates and the initial levels of per capita income. The reason 
for this is that the evolution of dispersion depends not only on the force of 
convergence (diminishing marginal returns of capital) but also on the effects of 
random shocks to the variables. 
Empirical studies have demonstrated that random shocks exhibit permanent 
effects on macroeconomic variables. Nelson and Plosser (1982) tested 14 
macroeconomic variables ^ and found that they were non-stationary stochastic 
processes with no tendency to return to a time trend. In order words，the effects of 
random shocks on macroeconomic variables do not dissipate over time. As Barro 
(1997) pointed out, if random shocks that impinge on the economies are independent 
of each other, then the dispersion of per capita income would not narrow over time 
even for the poor countries with higher growth rates of per capita income. 
The permanent effects of random shocks on macroeconomic variables 
motivated researchers to employ time-series methods to test the convergence 
hypothesis. Convergence that utilized the time-series methods is called stochastic 
5 The variables under investigation include real GNP, nominal GNP, real per capita GNP, industrial 
production, employment, unemployment rate, GNP deflator, consumer prices, wages, real wages, 
money stock, velocity, bond yield and common stock prices. 
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convergence, which means the disparities of the series follow a stationary process. 
For example, Carlino and Mills (1993) defined stochastic convergence in per capita 
income as the effects of random shocks on regional relative to national per capita 
income should be temporary. This is equivalent to test the presence of a unit root in 
the time series. If the null hypothesis of a unit root cannot be rejected, then the 
effects of shocks to the variable are permanent and no stochastic convergence can be 
found. Carlino and Mills (1993) investigated the logarithm of per capita income in 
different U.S. regions, such as New England, Great Lakes and Far West, relative to 
per capita income in the nation during the period 1929-1990. They found that the 
null hypothesis of a unit root could not be rejected by using the Dickey-Fuller test 
without a structural break and the effects of random shocks on regional relative to 
national per capita income were permanent. 
Another definition of stochastic convergence in per capita output is that the 
expected differences of per capita outputs between countries tend to zero as the 
forecasting horizon tends to infinity. Suppose we examine the convergence in per 
capita outputs of countries 1 and p, denoted by 少,，and y^,，respectively. Given 
少 1, and 少尸,are integrated of order 1 (or nonstationary) and their difference is e,. 
In the short run, random shocks may prevent 少!, and y^, from converging and 
hence s, is not equal to zero. However, if the effects of random shocks on the 
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difference between 少^ , and 少凡,are transitory, then these two series will converge 
in the long run and s, should be zero. Thus, we can expect that the difference 
between 少 , ,and 少凡,will be zero in the long run if they converge. Since y^  ^ 
and y^ ^ are nonstationary while s, is stationary around zero mean，少丨,and 少尸, 
must be cointegrated with the cointegrating vector [l, - 1 . 
Bernard and Durlauf (1995) studied logged per capita outputs among 15 
OECD countries from 1900 to 1987. By using multivariate cointegration tests 
developed by Phillips and Ouliaris (1988) and Johansen (1988), Bernard and Durlauf 
(1995) found that 15 OECD countries did not converge in real per capita outputs. 
When stochastic convergence is used to study the convergence of real wage 
costs, unemployment and productivity growth, it is called real convergence, and 
when it is applied to the convergence of inflation rates, interest rates and exchange 
rates, it is called nominal convergence (Hall et al., 1992). The tests on the 
convergence of per capita income mentioned in the previous paragraph are tests on 
real convergence. Another example of real convergence is the convergence of 
service employment. The study of Button and Pentecost (1993) was the first 
attempt to examine the convergence of service employment using time-varying 
parameter (TVP) modeling technique of Hall et al. (1992), who studied the 
convergence of exchange rates, inflation rates and interest rates among the EC 
12 
countries. Button and Pentecost (1993) examined the stochastic convergence of 
service employment across regions within Great Britain, but did not find supportive 
evidence on convergence. 
In the following section we begin a review of the methodologies used in the 
early research on the regional disparity and convergence of service employment in 
the literature. As was discussed in the previous sections, much of the early research 
is about Great Britain, and little was available on the United States or other 
developed countries. 
2.2 Methodology Review on Regional Disparity of Service Employment 
Early studies on the regional disparity of service employment within Great 
Britain used nonparametric measures to examine the distribution of service 
employment and the spatial change of service employment. For example, Howells 
and Green (1988) analyzed the regional disparity of service employment in the 
British regions in 1981. They used 280 local labor market areas (LLMAs) of 
Centre for Urban and Regional Development Studies (CURDS) (Coombes et al.， 
1982). LLMAs were categorized into 19 classes on the basis of the elements 
provided by the Functional Regionalization of Britain. These classification 
elements are urban size (London, Dominant, City, Town and Rural Area), 
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hierarchical status (Dominant, Subdominant, Freestanding), regional location 
(North/South of a line drawn roughly from the Severn to Lincolnshire) and 
employment structure (service-, commercial- and manufacturing-orientated base). 
The measurement of the regional concentration of service employment was location 
quotients (LQ)^. If LQ is greater (lower) than one, then service employment is over 
(under)-concentrated in that region. Ho wells and Green (1988) found that LQs of 
London and other Dominants were greater than one, those of Northern 
Manufacturing Towns and Smaller Northern Subdominants were 0.75 and 0.76, 
respectively. The findings indicated that service employment concentrated at upper 
levels of the urban hierarchy and in the southern Britain. 
Marshall (1985) examined private service employment in Great Britain in 
1981. He showed the proportion of private service employment in total 
employment in ten regions^ and found that the shares of private service employment 
were 47.6% in the South Eastern region and 34.9% in the Northern region. 
Therefore, private service employment also concentrated in the southern Britain. 
This finding is consistent with that of Ho wells and Green (1988). 
6 LQ = ( ^ y ^ � { ^ y ^ y \ where Ey is employment in industry i in region j ； E丨 is 
employment in industry i ； Rj is total employment in region j ； and N is total national 
employment. 
7 The ten regions are North, Yorkshire and Humberside, East Midlands, East Anglia, South East, 
South West, West Midlands, North West, Wales and Scotland. 
14 
Marshall et al. (1987) studied the regional disparity of producer services in 
Great Britain in 1981 in order to see how these services would affect the size of the 
export base in different areas and lead to uneven economic development. Their 
estimate of the share of producer service employment in national producer service 
employment was 42.8% in the South Eastern region, while those in East Anglia and 
Wales were only 3.3% and 3.5%, respectively. This provided evidence on urban 
bias in the location of producer services. Marshall et al. (1987) also compared the 
LQs for total and producer service employment in 19 areas that were analyzed by 
Ho wells and Green (1988). For total (producer) service employment, the LQs were 
1.19 (1.61) in London and 0.76 (0.54) in Smaller Northern and Western 
Subdominant. Again, they suggested that service employment was concentrated in 
urban areas in the southern Britain. 
The findings on the uneven distribution of service employment in Great 
Britain during 1981 were a result of spatial change in service employment over the 
decade prior to 1981. So researchers began to investigate the geographical shift in 
service employment for the period 1971 to 1981. Howells and Green (1988) noted 
a north-to-south shift in service employment. For example, the service employment 
change was 13.7% in Northern Manufacturing Towns, while the change was 41.1% 
in Southern Manufacturing Towns. Moreover，there was an urban-to-rural shift in 
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service employment. The change in service employment in London was 1.3%, but 
the changes were much larger in Southern and Northern Rural Areas, standing at 
15.2% and 20.6%, respectively. 
Marshall (1985) also demonstrated the proportional deviations in percentage 
change of private service employment from the national average from 1971 to 1978. 
The proportion deviations were -2.9 and 14.4 in the South Eastern region and East 
Anglia, respectively. This is a sign of an outward shift of private service 
employment from the South Eastern region to the areas around it. 
Marshall et al. (1987) compared the range of the LQs of producer service 
employment across 19 areas between 1971 and 1981. The range of the LQs was 
0.47 to 1.68 in 1971, but narrowed to 0.54 to 1.61 in 1981，suggesting that the 
seriousness of regional disparity of producer service employment had alleviated. 
Again, there was an urban-to-rural shift in producer service employment. Between 
1971 and 1981，the LQ dropped from 1.68 to 1.61 in London, while it rose from 0.79 
to 0.93 in Southern and Eastern Rural Areas. 
To summarize, early research on regional disparity of service employment in 
the UK studied the spatial change in service employment. The north-to-south and 
urban-to-rural shifts were found in service (including private and producer services) 
employment between 1971 and 1981. The north-to-south shift helped explain the 
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over-concentration of service employment in the southern Britain in 1981. 
However, service employment still dominated in the urban areas, such as London, 
despite an urban-to-rural shift that took place in 1981. 
As can be seen from above, the major measurement used to examine the 
change in regional disparity of service employment over a period was the range of 
the LQs at the beginning and ending of the sample period. This measure cannot 
effectively reflect the stochastic convergence of service employment as it only 
provides the information about spatial concentration of service employment at two 
points of the sample period. In order to solve this problem, Button and Pentecost 
(1993) suggested alternative time-series measurements that can effectively reflect the 
stochastic convergence of service employment. 
2.3 Regional Service Employment Convergence in Great Britain 
Button and Pentecost (1993) studied the regional convergence of the shares 
and the growth rates of service employment across ten British regions between 
1978Q2 and 1991Q4. The main methods they used in their analysis included the 
coefficient of variation measure which is a ratio of standard deviation to sample 
mean, the augmented Dickey-Fuller (ADF) test (Dickey and Fuller, 1979, 1981), the 
8 The ten regions were those previously investigated by Marshall (1985). 
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cointegration test, and the time-varying parameter (TVP) modeling technique. The 
TVP modeling technique was first used by Haldane and Hall (1991) and Hall et al. 
(1992) to examine the exchange rate convergence. 
As the coefficient of variation is only a crude measure, we do not discuss it 
here. Button and Pentecost (1993) used the ADF test to study the stationarity of the 
shares of service employment in ten regions within Great Britain. Their ADF test 
results indicated that the shares of service employment in the ten regions were 
non-stationary^. Button and Pentecost (1993) tested the cointegration among the 
ten regional series, and found there existed four cointegrating vectors. They 
therefore concluded that no strong evidence supported the convergence of the shares 
of service employment in most of the British regions. 
Alternatively, convergence can be investigated by looking at the rate of 
growth of service employment rather than the share of service employment to total 
employment. Button and Pentecost (1993) showed that the ADF test rejected the 
hypothesis that the growth rates of service employment were non-stationary for most 
regions, except for South East, suggesting the existence of stochastic convergence in 
the growth rates of service sector employment. 
As regards the time-varying parameter (TVP) technique. Button and 
9 When the ADF test regressions do not include a time trend. 
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Pentecost (1993) used it to test whether the share and the growth rate of service 
employment in each of the UK region moved towards the national average. Their 
results showed that regional convergence in the growth rates of service employment 
existed in the late 1980s, but at the rate below the national growth rate due to the 
dominance of the faster growing London and South East region in the British 
average. 
Extended the work of Button and Pentecost (1993), Sarantis and Swales 
(1999) applied the ADF test and the TVP modeling technique to study the regional 
convergence of the growth rates of service employment for the period 1978Q2 to 
1993Q4. They also examined the out-of-sample forecasting performance of the 
TVP model by using three forecasting models. The ADF test results showed that 
the growth rates of service employment were stationary in all regions except for 
South East, suggesting the growth rates of service employment converge in all 
regions with the exception of the South East region. 
The TVP model results obtained by Sarantis and Swales (1999) confirmed the 
findings of Button and Pentecost (1993), that is, there was regional convergence in 
the growth rates of service employment in the late 1980s in the UK. Sarantis and 
Swales (1999) added evidence that East Anglia converged to South East, and the 
South West region exhibited remarkable catching up with other regions in terms of 
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service employment growth. 
Following the discussion of early studies on service sector employment 
convergence in the British regions, the details of the methodologies for investigating 




Following the literature review of the previous chapter, this chapter discusses 
the methodologies that will be used to perform the hypotheses testing in Chapter 
Four. We describe the Lagrange Multiplier (LM)-type unit root tests, including 
two-break univariate LM unit root test and one-break panel LM unit root test. 
Lagrange Multiplier-type Unit Root Tests 
The commonly used Dickey-Fuller (DF) unit root tests with endogenous 
breaks include those developed by Zivot and Andrews (1992, ZA hereafter) and 
Perron (1997). However, the DF-type unit root tests suffer from size distortion (Lee 
and Strazicich, 2001; Nunes et al.，1997) when the possibility of a unit root with a 
break is ignored. Recent studies such as Lee and Strazicich (2004) proved that the 
LM-type unit root tests have less serious size distortion than the DF-type tests with 
breaks, such as the ZA test. They showed that the empirical size of one-break LM 
unit root test is close to the nominal size of 5%. The empirical size ranges from 4% 
to 6% for different break magnitudes. However, the empirical size of the ZA test is 
between 6% to 50% across break magnitudes. Hence, we use the LM-type unit root 
tests in this research. 
2 1 
The LM unit root test without breaks is proposed by Schmidt and Phillips 
(1992). Following their consideration, the data generating process (DGP) is as 
follows: 
乂 =p% +x,, X, 卜、+G， （3 . 1 ) 
where F, is a vector of exogenous variables, p' is a vector of coefficients of 
exogenous variables. Suppose there are no structural breaks, then V, is (1，t) 
and p' is {a^，a!). x, is the stochastic part of the DGP and 0 is the first-order 
autoregressive coefficient. £, is independently and identically normally 
distributed (IIN) with mean zero and variance cr^. If there is a unit root in the 
DGP, then 9 is equal to one. 
Schmidt and Phillips (1992) used the maximum likelihood estimation (MLE) 
in order to carry out the LM test in the presence of a unit root. The log-likelihood 
Z" 1 T 
function is In I = constant——Incr^ jSSE，where constant is ——ln(2;r) and 
2 2(T" 2 
SSE is the sum of squared errors of x,: 
T 2 
SSE = { y , - e y , _ , ) - a , { \ - e ) - a X t + e-t0)] . (3.2) 
1=2 
The unknown coefficients we want to estimate are a �，a , and Q. Suppose 0 
is equal to one (this is the unit root case), SSE in (3.2) is 
7’ 2 • • 
- a ^ - a ^ + ^{Ay, - a , ) with = + jCq , and it can be minimized to 
/=2 
derive the restricted maximum likelihood estimators a^ = {Ty^  - y^ ) /(r - 1 ) and 
2 2 
a, =Ay = {y.j. - y^  ) /(r - 1 ) . After deriving a^ and a , , we need to derive the 
restricted maximum likelihood estimator of 6 by calculating the score 
d\nL - 1 dSSE . , , ‘ � J � 
=——r and evaluate the score at a , and a, • 
de 2cr' de ‘ ‘ 
dSSE 
Schmidt and Phillips (1992) showed that 洲 evaluated at a^ and 2", 
becomes: 
， = —2±(Ay, 一雄,_�, (3.3) 
C'C/ ,=2 
� dSSE 
where = 少 文 一 — 1), t = 2, ,T. We substitute in the score 
d0 
則 = ~ ~ V — — by - 2 V (Av, - a, )R,, and hence the score becomes: 
da la" de � f^^ ‘'严'1 
^ = ； I - = 4 r i {^y, - - R \ (3.4) 
Otf (T , = 2 cr , = 2 
iSlS"五 
where 护= is the maximum likelihood estimator of cr^  and 
T 
腳 = C v 丨 - … ) 2 + 玄 ( A y , - … ） . T h e term •^玄 (A兄-功 in (3.4) is 
Z A y , 二 t ^ H O v -y i ) -{yT - j O ] and thus the last equality 
O- IT^ T-\」OR 
in (3.4) holds because ^ ^ ( a ^ , - Ay) is zero. The term ^(Ay, - A y - r) 
is the numerator of the least square estimator of y/ in the test regression which is: 
Ay, = c + +e,’ (3.5) 
where c is the intercept term and the estimated y/ is 
——7“少,一 - R and e, is the error term. As a result, if there 
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is a unit root, y/ is equal to zero. Therefore, the LM test statistic is given by the 
广-statistic for the null hypothesis ^ = 0. 
We apply the LM unit root test with two endogenous breaks to test the 
presence of a unit root in and stochastic convergence of service employment series, 
which is developed by Lee and Strazicich (2003). The reason is that China 
economy heavily relies on the economic policies, for instance, the open-up policy 
from 1978 and the western development strategy from 2000. When the policies are 
implemented, we expect there may be structural changes in the economy. If there 
are two breaks, then the elements of exogenous variables in V, in (3.1) depend on 
which model under consideration. We consider two models. Models A and C, in 
this study. Model A is the “crash model" which allows for a change in the level of 
the series at the time of structural break, while Model C combines the changes in the 
level and the slope of the trend function. For Model A, V, 二(U,Z)L丨,,沉J， 
where DL�,=1’ {j = 1,2) for t>Tj +1, and 0 otherwise. T/ denotes the break 
points. For Model C, K, , where DSj, = t - T ^ , 
(/ = 1，2) for r > r / +1, and 0 otherwise. 
We introduce the augmented lagged terms to account for possible serial 
correlation problem in the errors. The test regression is: 
A兄=p'AV, +e,, (3.6) 
/=i 
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where AV, is the first difference of V, ’ AV, = (},/^DL�丨,ADlJ for Model A, 
AV, ={\,ADL„,ADL^,,ADS„,ADS„)' for Model C. R, =y,-p*,-V,p , 
t = 2, ,T, p* = y^ -V^p, p is the MLE estimator of p when there is a unit 
root. Suppose there is a unit root, the score specified by (3.4) evaluated at p is 
zero，that is, ^ ^ = (aj；, - /S^yf^R 丨 _ � - R )= 0 and hence ^ is equal 
o0 cr ,=2 
to zero. 
The number of lagged augmentation terms is decided by using the 
"general-to-specific" method. We start from the maximum lagged terms of A： = 4 
because the series are short (only 26 observations) and check the significance of the 
last augmented term. If the last lag is significant at the 10% level by using the 
/-statistic, 4 lags are chosen. Otherwise, we drop the lag order by one until the last 
lag is significant. 
After selecting the optimal lag order at each combination of two break points, 
we determine the breaks where the two-break LM test statistic is at a minimum. 
Therefore, this test is called two-break minimum LM unit root test. Lee and 
Strazicich (2003) provided the critical values of the endogenous two-break LM unit 
root test for Models A and C in samples of T = 100 (shown in Table 7). They 
derived the critical values for 7 = 100 because they studied Nelson and Plosser's 
(1982) macroeconomic data ranging from 1860 (or later) to 1970, the length of the 
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time series was in the neighborhood of 100. We make use of these critical values 
in this thesis. The null hypothesis of two-break LM unit root test is that the series 
has a unit root with two breaks, whereas the alternative hypothesis is that the series 
is stationary with two breaks. 
After carrying out two-break minimum LM unit root test，we select the series 
with one significant break and then perform one-break LM test. Since the series on 
service employment in China is relatively short, only 26 observations in individual 
series, we need to utilize panel LM unit root test in order to increase the test power. 
We do not perform panel LM unit root test in two-break case, because the 
asymptotic null distribution of two-break LM test for Model C depends on the 
location of structural breaks. As a result, we need to simulate the means and 
variances in formulating the panel unit root test statistic. However, when we 
perform one-break panel LM test, we only consider Model A for which the 
asymptotic null distribution of one-break LM test is invariant to the location and the 
size of breaks. There is no need to simulate the means and variances for deriving 
the panel unit root statistic'^ 
We select the series with one significant break and perform panel LM unit 
root test for them. Panel LM unit root test is much more powerful than univariate 
10 See Lee and Strazicich (2003，2004) for details. 
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test since it uses the information of cross-sectional units. The procedure of 
performing panel LM test is as follows. We estimate the following test regression 
for individual series, i : 
AV. 二 化 , + 〜， (3.7) 
/=i 
where AV“ = (l,ADL„) for Model A, and obtain the f-statistic for testing i// = 0, 
t.，for individual series. We take a simple average of the estimated 广 statistics, that 
_ 1 N 
is, = — V / f . Pesaran and Smith (1995) found that the simple averaging 
estimator is consistent in the dynamic heterogeneous panel model. Standardizing 
the panel LM test statistic t ^ , we obtain: 
where E t^(A.，) and Var t- (X^，p,) are the mean and variance of t- under the 
rpb 
null hypothesis with a break, A, is the break fraction and p^  is the lag order. 
We use bootstrap procedure for deriving the critical values for univariate LM test 
with a break'' . Similar procedure is used to derive the critical values for panel LM 
1 ‘ The bootstrapped critical values are derived as follows. Estimate Equation (3.7) of the text with 
y/ = 0 with the lag order of augmented terms being determined by the "general-to-specific" 
procedure. Obtain the restricted residuals from the estimated equation. Draw samples with 
replacement from the restricted residuals and construct pseudo samples according to the estimated 
test regression. Run the test regression (3.7) and computing the /^-statistic for testing if/ = 0. 
Repeat such a procedure for 5,000 times and obtain the critical values from the sorted vector of 5,000 
/-statistics. 
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test with one break in level. 
The break selection methods used in one-break panel LM unit root test 
include minimum LM test discussed in two-break case and the approach suggested 
by Nunes (2004)，who proposed that the break location is chosen by maximizing the 
absolute value of the ^-statistic for the difference of break dummy variables 
contained in AV,. The two LM test statistics obtained by using the two break 
selection methods are denoted by LM,„i„ and LMmax, respectively. Again, we decide 
the lag order in (3.7) by the “general-to-specific” method. The null hypothesis of 
one-break panel LM unit root test is that all series have a unit root with a break, 
while the alternative hypothesis is that at least one series is stationary with a break. 
After discussing the methodologies used in this research, we report the 




After discussing univariate and panel Lagrange Multiplier (LM) unit root 
tests with endogenous breaks in Chapter Three, this chapter presents the results of 
empirical tests. We first report the test results of the stationarity of service 
employment, followed by those from the tests for stochastic convergence of service 
employment. 
4.1 Stationarity of Service Employment 
We use two-break minimum LM unit root test (Model C) to test the 
stationarity of service employment (in levels). There are totally twenty-eight series. 
Municipalities and the provinces under investigation are summarized in Appendix A. 
The sample period is from 1978 to 2003. The data are obtained from different 
sources, such as China's statistical yearbooks and economic yearbooks. The data 
description is mentioned in Appendix B. 
The graphs comparing the growth rates of service employment in each 
province and that in Municipalities are shown in Appendix C. They show that the 
convergence of service employment growth appears in sub-period for some 
provinces. For instance, the growth rate of service employment in Zhejiang 
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converges to that in Municipalities from late 1980s, while the convergence exists 
between late 1980s to early 1990s in Yunnan. 
We employ the test equation (3.6) in Chapter Three and the results are 
presented in Tables 1 and 2. The critical values used are provided by Lee and 
Strazicich (2003) and they are summarized in Table 7. Lee and Strazicich (2003) 
used the sample size of T = 100，where T is the number of observations in each 
series. They considered the break combinations (Tl/T, T2/T) including (0.2, 0.6)， 
(0.4，0.6), (0.6，0.8), etc, where Tl , T2 and T are first break year, second break year 
and the sample size, respectively. The details can be referred to Table 7. Test 
results show that the null of a unit root with two breaks is rejected in nineteen out of 
twenty-eight series, implying these series are stationary. They are series for 
Municipalities, Hebei, Shanxi, Inner Mongolia, Liaoning, Jilin, Heilongjiang, 
Jiangsu, Zhejiang, Jiangxi, Hubei, Guangdong, Guangxi, Sichuan, Guizhou, Yunnan, 
Tibet, Shaanxi and Gansu. 
We also make use of two-break minimum LM unit root test (Model A, a 
structural break in the level) (Lee and Strazicich, 2003) to test the presence of a unit 
root in service employment. Model A is considered because Lee and Strazicich 
(2003) showed that the asymptotic null distribution of two-break LM test for Model 
A does not depend on the location and the size of structural breaks, while that for 
3 0 
Model C depends on the location of structural breaks. Hence, for Model A, there is 
no need to simulate new critical values in the presence of structural breaks under the 
null hypothesis of a unit root. 
Again, we use the test equation (3.6) in Chapter Three to test the presence of 
a unit root in service employment when Model A is used. Table 3 shows the null 
hypothesis of a unit root is rejected in thirteen out of twenty-eight service 
employment level, among which three of them reject the null at the 1% significance 
level, seven of them reject the null at the 5% level and the remaining three of them 
reject the null at the 10% level. They include the series for Hebei, Jiangsu, 
Zhejiang, Fujian, Jiangxi, Shandong, Henan, Hunan, Guangdong, Hainan, Tibet, 
Shaanxi and Gansu. Since we use the critical values for two-break LM unit root 
test in sample of T = 100 rather than r = 26, the critical values listed in Table 7 
may be larger numerically and it will be easier for us to reject the null hypothesis. 
We use the critical values from an asymptotic distribution with T = 100 in 
performing two-break LM unit root test. It may not be an ideal practice to compare 
the test results with the critical values generated with T = 100 when we only have 
a finite sample size {T = 26). Thus, the test results of two-break LM unit root test 
subject to prudential interpretation. 
We perform both univariate and panel LM unit root tests in the presence of 
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one break for fourteen Municipalities and provinces where one break is significant 
when Model A with two breaks is used. Since the sample size {T= 26) is not long, 
tests in the panel setting can increase the test power. The results of one-break LM 
tests on service employment level are reported in Table 4. We find that the null 
hypothesis of a unit root with a break is rejected for Hebei by using LMmm (this test 
statistic stands for the LM test statistic for which the break location is determined by 
minimizing the LM test statistic) and the null hypothesis is rejected for Shandong, 
Hunan, Guangxi and Hainan by using LMmax (this test statistic represents the LM test 
statistic for which the break location is chosen by maximizing the absolute value of 
the r-statistic for the difference of break dummy variables contained in AV, in 
Equation (3.7)). In addition, empirical sizes are also computed for univariate and 
panel LM test statistics for the purpose of comparing the finite sample properties of 
LMmin and LMmax in one-break case. We find that panel LMmax has slight size 
distortion (the size value is 4.6%), while this problem does not appear in panel 
LMmin (the size value is 5.0%). On the other hand, Nunes (2004) showed that the 
empirical power using LMmax is higher than that of using LMmm- For instance, the 
empirical power of using LMmax ranges from 0.730 to 0.743, whilst the empirical 
power of using LMmm is between 0.452 and 0.555, and the range depends on the 
break magnitude. Finally, LMmax selects the break more accurately than LMmm-
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We therefore concentrate on the results of LMmax in one-break panel LM unit root 
test. In the last row of Table 4 which reports one-break panel LM unit root test 
result on service employment, we show that the null of a unit root with a break in all 
series is rejected at the 10% significance level by using LMmax. 
Based on the empirical results on two-break univariate and one-break 
panel tests above, we can conclude that service employment series are stationary. 
Since all series should be integrated of the same order if the cointegraion test is to be 
used, we cannot employ the cointegration test to examine the convergence proposed 
by Bernard and Durlauf (1995). We turn to the discussion of stochastic 
convergence. 
4.2 Stochastic Convergence of Service Employment 
In this section, we show the test results of stochastic convergence. The test 
results by applying Model C with two breaks are shown in Tables 5 and 6. The 
null of a unit root with two breaks is rejected in eighteen out of twenty-seven 
logarithm of the ratio of service employment level in each province to that in 
Municipalities, among which nine of them reject the null at the 1% significance 
level, five of them reject the null at the 5% level and four of them reject the null at 
10% level. Moreover, the null of a unit root with two breaks is rejected in twenty 
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out of twenty-eight logarithm of the ratio of service employment level in each 
province and Municipalities to the national (weighted) average, nine of them reject 
the null at 1% significance level, five of them reject the null at 5% level and six of 
them reject the null at 10%. Thus, stochastic convergence of service employment 
is found. The implication of these results is that service employment in some 
provinces converges to that in Municipalities and/or the national (weighted) average. 
By using two-break minimum LM unit root test (Model A), we find that 
except for 10 provinces (Inner Mongolia, Jilin, Jiangsu, Anhui, Fujian, Jiangxi, 
Hubei, Guangxi, Sichuan and Qinghai), the null of a unit root with two breaks is 
rejected in seventeen out of twenty-seven logarithm of the ratio of service 
employment level in each province to that in Municipalities. The null of a unit root 
with two breaks is rejected in eight out of twenty-eight logarithm of the ratio of 
service employment level in each province and Municipalities to the national 
(weighted) average, including Heilongjiang, Zhejiang, Jiangxi, Hunan, Hainan, 
Sichuan, Shaanxi and Ningxia. Again, we use the critical values generated with 
r = 100 and the test results may not be valid. These pieces of evidence indicate 
that service employment in most provinces, except for Jiangsu and Guangxi, 
converges to that in Municipalities and/or the national (weighted) average. The 
regional inequality in economic growth in China is expected to narrow since the 
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service industry can help the economic development in lagging regions. In 
addition, the test results suggest the regional governments in provinces such as 
Jiangsu and Guangxi may need to pay attention to the difference in economic growth 




The positive relationship between the growth of service employment and 
economic development can be dated back to Clark (1957)，who argued that the 
proportion of labor force engaged in the service industry increases when 
communities are more economically advanced. This is evidenced in China. For 
example, the proportion of total employment engaged in the service sector in China 
jumped from 10.92 percent in 1978 to 28.11 percent in 2003 as per capita GDP 
increased from 675.59 yuan to 4,730.94 yuan over the same period. 
There has been geographically unbalanced economic growth in China. The 
economic growth in the coastal region is faster than that in middle and western 
regions not only because the geographical location of the coastal region is more 
suitable for international trade, but also due to the preferential policies which gave 
privileges to exporting firms in the coastal region such as Guangdong, Fujian and 
Hainan^ 
Chang (2002) argued that preferential policy towards the coastal region leads 
to the increasing regional inequality of economic development in China. Chang 
(2002) further pointed out that the income disparity may negatively affect the social 
12 See Yang (1991) and Jian et al. (1996) for details. 
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stability by raising conflicts between the rich and the poor. Thus, it is necessary for 
Chinese government to formulate policies to reduce income disparity. One of the 
solutions is to assist the development of service industries in lagging regions as the 
development of service industries and the economic growth are positively related. 
Studying the regional convergence of service employment is useful for 
understanding the need of regional policies formulation. 
In Chapter One, we have seen that there existed a significant difference in 
the share of service employment between Municipalities (more economically 
advanced area) and Guizhou (less economically advanced area). This research 
aims at studying whether the service employment across provinces is converging. 
The regional convergence of service employment would indicate an improvement in 
regional inequality of economic development, while divergence would suggest the 
need of regional policies. 
Early research on regional convergence of service employment focused on 
developed countries. For example, to study the regional convergence of service 
employment in Great Britain. Button and Pentecost (1993) employed the 
augmented Dickey-Fuller (ADF) test (Dickey and Fuller, 1979, 1981), the 
cointegration test, and the time-varying parameter (TVP) modeling technique. This 
thesis is the first attempt to address problem of regional convergence of service 
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employment in China. 
Stochastic convergence suggested by Carlino and Mills (1993) is used to test 
the regional convergence of service employment in China. This is equivalent to test 
the presence of a unit root in the logarithm of the ratio of service employment level 
in each province to that in Municipalities and the logarithm of the ratio of service 
employment level in each province and Municipalities to the national (weighted) 
average. The unit root tests we have used include two-break univariate Lagrange 
Multiplier (LM) unit root test developed by Lee and Strazicich (2003) and one-break 
panel LM unit root test. 
Using the LM-type unit root tests，we find stochastic convergence of service 
employment across provinces, except for Jiangsu and Guangxi, in China. That 
means service employment in twenty-five out of twenty-seven provinces converges 
to that in Municipalities (the combination of Beijing, Tianjin and Shanghai) and/or 
the national (weighted) average. This is an evidence of narrowing regional income 
disparity. The finding suggests a rapid development of service industries in lagging 
regions can help stimulate the economic growth. As service industries are 
beneficial to other manufacturing industries by providing transportation, retailing and 
financial services, manufacturing industries will have better business opportunities 
and create more jobs. Per capita income levels in lagging regions tend to increase 
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which will help improve the living standard in these regions. 
Our empirical results suggest that assistance from the regional governments 
may be needed in the development of service industries in Jiangsu and Guangxi if the 
regional governments in these two provinces observe the difference in economic 
growth with other provinces. For instance, the local government may invest 
resources in educating professionals for service industries or provide service 
suppliers with rent relief. These policies are expected to attract more people to 
engage in the service industry and improve their wealth, which hopefully narrow the 
regional disparity between these two provinces and other provinces. 
Unit root testing for convergence however does not answer the questions on 
the process of convergence. As shown in the graphs in Appendix C, the 
convergence exists in sub-period for some provinces, such as Zhejiang and Yunnan. 
We may divide the sample period into two sub-periods to examine the dynamic 
process of convergence, the observations of each time series are so small that we 
cannot effectively perform the unit root tests. To see the process of convergence of 
service employment in different provinces we need another measure. In the 
literature, the Kalman Filter modeling technique for time-varying parameter models 
of Button and Pentecost (1993) is useful in exploring the dynamic pattern of 
convergence. This can be a subject for future study. 
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Moreover, we can investigate the regional convergence of the share of 
service output. Since we find the regional convergence of service employment in 
China, we expect this situation may exist in the share of service output. In order to 
construct the share of service output, we need the data on service-industry output in 
constant prices and total output in constant prices for each province. If the data are 
available, we should be able to construct the share of service output. However, the 
lack of data on price deflators for service-industry output at provincial level in China 
prevents us from carrying out such analysis. 
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Appendix A 
Municipalities and the provinces under investigation are shown in the table below: 













Inner Mongolia Yunnan 
Jiangsu Zhejiang 
Notes: 
* Municipalities include Beijing, Tianjin and Shanghai. 
** In March 1997，Chongqing was separated from Sichuan and promoted to the 
status of provincial-level municipality. We merged the figures of Chongqing into 
those of Sichuan. 
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Appendix A 
The sample period is from 1978 to 2003. Data on service employment (in 
levels) in different municipalities and provinces are collected from several sources. 
They are China Statistical Yearbooks, various years, China Economic Yearbooks, 
various years and Forty/Fifty Years Reports of various municipalities and provinces, 
Comprehensive Statistical Data and Materials on 50 Years of New China and China 
Regional Economy: A Profile of 17 Years of Reform and Opening-Up. There are 
missing observations of employment level in Tianjin from 1978 to 1984. We 
estimate the missing figures by employing the interpolation method. 
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Appendix A 
The following graphs compare the growth rates of service employment in each 
province and that in Municipalities. The vertical axis of the graphs is the growth 
rate of service employment (%). 
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Table 1: Results of two-break minimum LM unit root test for Model C on 
service employment in China, 1978-2003 
Series Minimum Lag Order Break Years Critical Values 
LM 1% 5% 10% 
Statistic 
Municipalities -5.4835… 3 1987 1997 -6.42 -5.65 -5.32 
Hebei -8.6757' 4 1984 1990 -6.41 -5.74 -5.32 
Shanxi -6.8534* 1 1985 1998 -6.42 -5.65 -5.32 
Inner Mongolia -9.0848' 2 1985 1990 -6.45 -5.67 -5.31 
Liaoning -8.1833* 3 1984 1992 -6.41 -5.74 -5.32 
Jilin -6.3707" 4 1986 1996 -6.42 -5.65 -5.32 
Heilongjiang -8.2620* 4 1984 1996 -6.33 -5.71 -5.33 
Jiangsu -5.9468" 4 1985 1997 -6.42 -5.65 -5.32 
Zhejiang -6.1834** 2 1984 1990n -6.41 -5.74 -5.32 
Anhui -5.2310 1 1986n 1993 -6.45 -5.67 -5.31 
Fujian -5.1977 2 1987 1994n -6.45 -5.67 -5.31 
Jiangxi -5.7877" 3 1985n 1991 -6.45 -5.67 -5.31 
Shandong -4.9369 4 1989 1994 -6.45 -5.67 -5.31 
Henan -4.5443 4 1985 ]994n -6.45 -5.67 -5.31 
Hubei -6.5593' 3 1989 1997 -6.42 -5.65 -5.32 
Hunan -5.0361 1 1994n 2000 -6.32 -5.73 -5.32 
Guangdong -5.865 广 4 1985 1998 -6.42 -5.65 -5.32 
Guangxi -5.5551 … 3 丨 984 丨 9%n -6.33 -5.71 -5.33 
Hainan -4.7505 4 1991 1999n -6.32 -5.73 -5.32 
Sichuan -6.216广 3 1992 1996n -6.32 -5.73 -5.32 
Guizhou -8.7277* 2 1988 1998 -6.42 -5.65 -5.32 
Yunnan -6.7216* 4 1985 1994 -6.45 -5.67 -5.31 
Tibet -5.5743… 3 1985 1997 -6.42 -5.65 -5.32 
Shaanxi -5.8212" 4 1984 1991 -6.41 -5.74 -5.32 
Gansu -7.3884* 4 1985 1993 -6.45 -5.67 -5.31 
Qinghai -4.7442 4 1988 1998 -6.42 -5.65 -5.32 
Ningxia -4.9246 0 1984 1990 -6.41 -5.74 -5.32 
Xinjiang -4.7806 1 1987 1996 -6.42 -5.65 -5.32 
Notes: All employment series are expressed in logarithm form, n denotes that the identified break 
point is not significant at the 10% level. See Table 7 for the critical values of the LM test statistics. 
*，*• and …deno te significance at the 1%, 5% and 10% level, respectively. 
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Table 2: List of provinces/cities with stationary service employment based on 
test results from two-break Model C 
Municipalities Hebei 









Table 3: List of provinces with stationary service employment based on test 









Table 4: Results of one-break panel LM test for Model A on service 
employment in China, 1978-2003 
Series Break LM Test Lag Order Break Bootstrapped"* 
Selection Statistic Year Critical Values 
Scheme 1% 5% 10% 
Municipalities LM„i„ -2.9223 2 1992 -5.4908 -4.5417 -4.1206 
LM隨 -1.4740 0 2000 -4.8670 -3.9846 -3.5369 
Hebei 4.2219 … 4 1984 -5.4688 -4.6175 -4.1638 
LM随 -3.4758 2 1991 -4.9828 -3.9809 -3.5477 
Inner Mongolia -2.3044 1 1986 -5.1283 -4.2725 -3.9201 
LM臓 -2.3044 1 1986 -4.5043 -3.7279 -3.2708 
Heilongjiang -2.2172 3 丨 997 -5.1925 -4.3630 -3.9685 
LM随 -2.2172 3 1997 -4.4352 -3.6800 -3.2820 
Anhui -1.9675 1 1993 -5.1063 -4.2898 -3.8856 
LM„ax -1.6658 1 1992 -4.3266 -3.6047 -3.2178 
Shandong LM— -3.9913 3 1984 -5.3792 -4.4453 -4.0225 
LM赚 -3.9913" 3 1984 -4.6112 -3.5686 -3.1752 
Hunan -3.6130 3 1997 -5.1208 -4.3462 -3.9300 
LM„ax -3.5826'' 1 1999 -4.3267 -3.5309 -3.1409 
Guangxi LM„u„ -3.2190 2 1992 -5.3370 -4.3519 -3.9191 
LM„ax -3.2190 … 2 1992 -4.6354 -3.6533 -3.2154 
Hainan LM— -3.4032 3 1992 -5.2984 -4.3924 -4.0165 
LM臓 -3.4032… 3 1992 -4.7356 -3.8185 -3.3812 
Guizhou LM— -3.0579 0 2000 -4.9348 -4.1285 -3.7160 
LM隨 -2.2117 0 1999 -4.1774 -3.4358 -3.0770 
Yunnan -2.9425 4 1996 -5.4063 -4.4608 -4.0771 
LM^, -1.7683 4 1995 -4.8124 -3.7892 -3.3678 
Tibet LM„i„ -3.5893 2 1992 -5.4096 -4.5391 -4.1065 
IM随 -2.9008 1 1994 -4.6677 -3.8246 -3.4073 
Ningxia LM— -2.8144 2 1997 -5.2286 -4.4162 -4.0275 
LM„,a, -2.1300 0 1984 -4.5997 -3.7612 -3.3121 
Xinjiang IM— -2.1930 2 1992 -5.1002 -4.3393 -3.9505 
LM匪 -2.1930 2 1992 -4.6366 -3.7973 -3.3965 
Panel LM LM咖 -4.257 -6.462 -5.526 -5.030 
LM臓 -2.319 … -3.254 -2.402 -1.998 
Notes: For univariate LM unit root test, the null hypothesis is a unit root with a break while the 
alternative is no unit roots with a break. 
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Table 4 (continued ) 
*• and denote significant at the 5% and 10% level, respectively. 
a The bootstrapped critical values are derived as follows. Estimate Equation (3.7) of the text w i t h 
^ = 0 with the lag order of augmented terms being determined by the "general-to-specific" 
procedure. Obtain the restricted residuals from the estimated equation. Draw samples w i t h 
replacement from the restricted residuals and construct pseudo samples according to the estimated 
test regression. Run the test regression (3.7) and computing the /-statistic for testing y / — Q . 
Repeat such a procedure for 5,000 times and obtain the critical values from the sorted vector o f 5 , 0 0 0 
/-statistics. 
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Table 5: Results of two-break minimum LM unit root test for Model C on 
stochastic convergence of service employment^ in China, 1978-2003 
Series Minimum Lag Order Break Years Critical Values 
LM 1% 5% 10% 
Statistic 
Hebei -5.5763 … 4 1992 2000 -6.32 -5.73 -5.32 
Shanxi -6.6830* 0 1984 J 987 -6.16 -5.59 -5.27 
Inner Mongolia -7.1928* 2 1985 1991 -6.45 -5.67 -5.31 
Liaoning -6.4639* 2 1984 1999 -6.33 -5.71 -5.33 
Jilin -6.3139" 4 1986 1993 -6.45 -5.67 -5.31 
Heilongjiang -6.2804'* 丨 1993 1997 -6.32 -5.73 -5.32 
Jiangsu -4.8779 3 1985 1997 -6.42 -5.65 -5.32 
Zhejiang -5.5827… 3 1984 1997 -6.33 -5.71 -5.33 
Anhui -4.9882 4 1992 1997n -6.32 -5.73 -5.32 
Fujian -5.5008… 1 1984 1991 -6.41 -5.74 -5.32 
Jiangxi -4.6749 2 1993 1998 -6.32 -5.73 -5.32 
Shandong -4.6746 1 1985 1994 -6.45 -5.67 -5.31 
Henan -4.7266 4 1986 1996 -6.42 -5.65 -5.32 
Hubei -10.3398* 3 丨 989 1997 -6.42 -5.65 -5.32 
Hunan -4.8106 3 1988 1996n -6.42 -5.65 -5.32 
Guangdong -5.6238… 2 1986 1998 -6.42 -5.65 -5.32 
Guangxi -4.5411 1 1984 1991 -6.41 -5.74 -5.32 
Hainan -4.6730 4 丨 984 丨 991 -6.41 -5.74 -5.32 
Sichuan -5.8037" 3 1986 1996 -6.42 -5.65 -5.32 
Guizhou -9.3883* 2 1988 1998 -6.42 -5.65 -5.32 
Yunnan -11.1975' 2 1984 1994 -6.41 -5.74 -5.32 
Tibet -6.0276" 3 1985 1994 -6.45 -5.67 -5.31 
Shaanxi -4.7757 4 1986 1992 -6.45 -5.67 -5.31 
Gansu -7.2406* 4 1985 1994 -6.45 -5.67 -5.31 
Qinghai -6.3798* 1 1991 丨 995 -6.32 -5.73 -5.32 
Ningxia -5.8840" 4 1986 1997 -6.42 -5.65 -5.32 
Xinjiang -6.7269' 2 1991 1997 -6.32 -5.73 -5.32 
Notes: # denotes logarithm of the ratio of service employment level in each province to that in 
Municipalities, n denotes that the identified break point is not significant at the 10% level. See 
Table 7 for the critical values of the LM test statistics. *，** and *** denote significance at the 1%, 
5% and 10% level, respectively. 
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Table 6: Results of two-break minimum LM unit root test for Model C on 
stochastic convergence of service employment^ in China, 1978-2003 
Series Minimum Lag Order Break Years Critical Values 
LM 1% 5% 10% 
Statistic 
Municipalities -4.5691 3 1987 1998 -6.42 -5.65 -5.32 
Hebei -5.6369… 4 1993 1996 -6.32 -5.73 -5.32 
Shanxi -5.8034'' 0 1987 2000n -6.42 -5.65 -5.32 
Inner Mongolia -5.5852… 4 1985 1993 -6.45 -5.67 -5.31 
Liaoning -4.9359 3 1986 1995 -6.45 -5.67 -5.31 
Jilin -5.9068" 3 1985 1996 -6.42 -5.65 -5.32 
Heilongjiang -7.7063* 4 1986 1996 -6.42 -5.65 -5.32 
Jiangsu -4.8577 0 1985 1997 -6.42 -5.65 -5.32 
Zhejiang -12.2251* 3 1988n 1998 -6.42 -5.65 -5.32 
Anhui -6.1975“ 2 1984 1992 -6.41 -5.74 -5.32 
Fujian -6.4089' 2 1994 1999n -6.32 -5.73 -5.32 
Jiangxi -7.7348* 4 1985 1991 -6.45 -5.67 -5.31 
Shandong -4.6761 1 1993 1998 -6.32 -5.73 -5.32 
Henan -5.3708… 0 1987 1996 -6.42 -5.65 -5.32 
Hubei -10.3388* 4 1985 1997 -6.42 -5.65 -5.32 
Hunan -8.6000* 2 1995n 1998 -6.32 -5.73 -5.32 
Guangdong -6.0553" 2 1986 丨 998 -6.42 -5.65 -5.32 
Guangxi 4.8053 1 1986 1992 -6.45 -5.67 -5.31 
Hainan -4.6056 0 1986 1994 -6.45 -5.67 -5.31 
Sichuan -5.2760 3 1985n 1994 -6.45 -5.67 -5.31 
Guizhou -6.4591' 2 1988 1998 -6.42 -5.65 -5.32 
Yunnan -5.5416… 1 1985 2000 -6.42 -5.65 -5.32 
Tibet -5.7572" 3 199 In 1997 -6.32 -5.73 -5.32 
Shaanxi -7.6008' 0 1984 1994 -6.41 -5.74 -5.32 
Gansu -9.6979* 3 1985 1991 -6.45 -5.67 -5.31 
Qinghai -5.0378 3 1988 1997 -6.42 -5.65 -5.32 
Ningxia -5.6625… 0 1985 1992 -6.45 -5.67 -5.31 
Xinjiang -5.5273*" 2 1984 1997 -6.33 -5.71 -5.33 
Notes: + denotes logarithm of the ratio of service employment level in each province and 
Municipalities to that of the national average, n denotes that the identified break point is not 
significant at the 10% level. See Table 7 for the critical values of the LM test statistics. ** and 
*** denote significance at the 1%, 5% and 10% level, respectively. 
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Table 7: Critical values of two-break minimum LM unit root test 
Break fractions Critical values (Model C) 
(TI/T, T2/T) 1% 5% 10% 
(0 .2 ,0 .4) -6.16 -5.59 -5.27 
(0.2’ 0.6) -6.41 -5.74 -5.32 
(0 .2 ,0 .8) -6.33 -5.71 -5.33 
(0 .4 ,0 .6) -6.45 -5.67 -5.31 
(0.4，0.8) -6.42 -5.65 -5.32 
(0 .6 ,0 .8) -6.32 -5.73 -5.32 
Critical values (Model A) 
1% 5% 10% 
- -4.545 -3.842 -3.504 
Source: Lee and Strazicich (2003) Table 2. 
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